Resident macrophages have several functions; they play a role in development, tissue homeostasis and repair, in addition to immune responses to pathogens (Phillips and Powley, [2012](#ar23517-bib-0035){ref-type="ref"}; Wynn et al., [2013](#ar23517-bib-0044){ref-type="ref"}).

Macrophages in the muscularis externa of the small intestine are evenly distributed and have a close spatial relationship to interstitial cells of Cajal (ICC) (Thuneberg, [1982](#ar23517-bib-0038){ref-type="ref"}; Mikkelsen et al., [2011](#ar23517-bib-0027){ref-type="ref"}) suggesting potential regulation of motility. Indeed, others have recently confirmed that macrophages may play a role in pathological conditions associated with motility disturbances; for example, inflammation, diabetic gastroparesis, and postoperative ileus (Zhao et al., [2008](#ar23517-bib-0046){ref-type="ref"}; Choi et al., [2010](#ar23517-bib-0005){ref-type="ref"}; Neshatian et al., [2015](#ar23517-bib-0032){ref-type="ref"}; Bauer, [2008](#ar23517-bib-0003){ref-type="ref"}). Particularly the macrophages at Auerbach\'s plexus (AP) have attracted attention. It has been suggested that they take part in a microbiota driven regulation of gastrointestinal motility (Muller et al., [2014](#ar23517-bib-0031){ref-type="ref"}), and in enteric neural regulation of macrophage function (Matteoli et al., [2014](#ar23517-bib-0018){ref-type="ref"};Verheijden et al., [2015](#ar23517-bib-0039){ref-type="ref"}; Gabanyi et al., [2016](#ar23517-bib-0008){ref-type="ref"}).

It is therefore important to characterize the macrophage population in muscularis externa further with newer macrophage antibodies that may identify physiologically important subgroups.

In rodents, macrophages in muscularis externa of the small intestine are distributed in three layers; in the serosa, associated with AP and with the deep muscular plexus (DMP) (Mikkelsen et al.,[2011](#ar23517-bib-0027){ref-type="ref"}; Mikkelsen, [1995](#ar23517-bib-0019){ref-type="ref"}; [2010](#ar23517-bib-0020){ref-type="ref"}). Osteopetrotic (op/op) mice lack the colony‐stimulating factor‐1 (M‐CSF‐1) (Yoshida et al., [1990](#ar23517-bib-0045){ref-type="ref"}) and subgroups of macrophages are absent (Wiktor‐Jedrzejczak et al., [1990](#ar23517-bib-0043){ref-type="ref"}). We have shown that macrophages in all three layers of the small intestine muscularis are absent in *op/op* mice (Mikkelsen and Thuneberg, [2008](#ar23517-bib-0026){ref-type="ref"}; Mikkelsen et al., [1985](#ar23517-bib-0023){ref-type="ref"}), indicating that this macrophage population is M‐CSF‐1‐dependent.

Ionized calcium‐binding adaptor molecule 1 (iba1) was first demonstrated in microglia (resident macrophages in the brain) (Imai et al., [1996](#ar23517-bib-0009){ref-type="ref"}) and has been shown to stain cells in both normal and pathological lesions in rodents (Ito et al., [1998](#ar23517-bib-0011){ref-type="ref"}; [2001](#ar23517-bib-0012){ref-type="ref"}). Outside the CNS, iba1/AIF‐1 has been shown to stain most macrophage subpopulations (except alveolar macrophages) and has therefore been suggested to be a "pan‐macrophage marker" (Kohler, [2007](#ar23517-bib-0015){ref-type="ref"}; DeFalco et al., [2015](#ar23517-bib-0007){ref-type="ref"}).

To further characterize the activation state of the macrophages during normal and inflammatory conditions we used an antibody against heme oxygenase‐1 (HO‐1). In preliminary studies of healthy rats and mice we had observed that many jejunal muscularis macrophages are HO‐1^pos^ (Mikkelsen and Kirkeby, [2012](#ar23517-bib-0022){ref-type="ref"}), although HO‐1 immunoreactivity has previously been reported to be lacking in muscularis externa (Miller et al., [1998](#ar23517-bib-0028){ref-type="ref"}; Moore et al., [2003](#ar23517-bib-0029){ref-type="ref"}).

HO‐1 is a highly inducible antioxidant enzyme, which facilitates the degradation of heme and has immunomodulatory and anti‐inflammatory properties (Morse and Choi, [2005](#ar23517-bib-0030){ref-type="ref"}). The final products of heme catabolism (CO and biliverdin) are considered to have antioxidant effects (Paine et al., [2010](#ar23517-bib-0034){ref-type="ref"}). Under normal conditions, HO‐1 is considered to be undetectable in most tissues, but is highly inducible under conditions of stress or inflammation (Paine et al., [2010](#ar23517-bib-0034){ref-type="ref"}). HO‐1 is expressed in many cell types including some macrophage types, and is often described as being associated with both proinflammatory and alternative activation (Wang et al., [2009](#ar23517-bib-0041){ref-type="ref"}; Wang and Chau, [2010](#ar23517-bib-0040){ref-type="ref"}; Ryter and Choi, [2016](#ar23517-bib-0037){ref-type="ref"}).

Lipopolysaccharide (LPS) is an activator of Toll‐like receptors that induces the transcription factor NF‐ϰB, which among other things, controls the activity of the promoters of pro‐inflammatory cytokines (Ruetten et al., [1999](#ar23517-bib-0036){ref-type="ref"}; Jersmann et al., [2001](#ar23517-bib-0013){ref-type="ref"}). LPS‐administration has been shown to cause abnormal gastrointestinal motility with delayed gastric emptying, altered transit time and intussusceptions of the small and large intestines in mice (Nissan et al., [1997](#ar23517-bib-0033){ref-type="ref"}; De Winter et al., [2005](#ar23517-bib-0006){ref-type="ref"}). LPS was therefore used as a pro‐inflammatory activator.

The muscularis externa macrophages were originally demonstrated by light and electron microscopy (Mikkelsen et al., [2011](#ar23517-bib-0027){ref-type="ref"}). In later studies, we combined FITC‐dextran endocytosis with immunostaining with the macrophage markers F4/80, M1/70, MHCII (IE‐antigen), scavenger receptor (2F8), and CD169 (Mikkelsen et al., [2004](#ar23517-bib-0025){ref-type="ref"}; [1999](#ar23517-bib-0021){ref-type="ref"}; [1988](#ar23517-bib-0024){ref-type="ref"}).

In this study, we chose CD169 as the macrophage marker, as it allows double‐staining with iba1 and HO‐1. We compared the densities of CD169, iba1, and HO‐1 in the orad part of jejunum to map macrophage subtypes in the muscularis externa. As we have previously shown, that a well‐defined LPS injection scheme in mice gave the highest density of MHCII positive macrophages after 6 hr (Mikkelsen et al., [1985](#ar23517-bib-0023){ref-type="ref"}), we used the same dose and time to assess whether inflammation changes macrophage density (CD169, iba1, and HO‐1), phenotypes or HO‐1 up‐regulation.

MATERIALS AND METHODS {#ar23517-sec-0002}
=====================

Animals {#ar23517-sec-0003}
-------

Eight to nine week‐old female C57Bl/6 (B6) mice (Taconic) were used. One group of mice (N = 10) was injected intraperitoneally with 20 µg/g LPS (*Escherichia coli*) (Sigma, Serotype 055:B5, L‐2880) dissolved in sterile saline. Another group of animals (N = 8) was sham‐injected with sterile saline. The animals were fed with standard laboratory chow, had free access to water and food, and were killed by cervical dislocation 6 hr after injection. The mice were housed in a high quality barrier with high hygienic standards and housed and experimentally manipulated in accordance with current national regulations issued by The Danish Council on Animal Care.

Antibodies {#ar23517-sec-0004}
----------

The antibodies used were rat anti‐CD169 (AbD Serotec, MCA‐884; 1:200), rabbit anti‐iba1 (Waco, 019‐19741; 1:200) and rabbit anti‐HO‐1 (Abcam, ab13243; 1:250). The secondary antibodies were biotin conj. goat anti‐rat (Amersham, RPN 1005; 1:1500), followed by Vectastain ABC reagent Vector (PK‐7100) and DAB (DakoCytomation), using the companies\' recommendations. For rabbit antibodies, EnVision (DakoCytomation) was used. For double‐staining RH RedX‐conjugated goat anti‐rat (Jackson, 112‐295‐102) and Dylight 488‐conjugated goat anti‐rabbit (Jackson, 111‐485.144) were used. Specimens incubated with rat IgG2a (AbD Serotec), irrelevant rabbit antibodies or no primary antibodies served as controls.

Tissue Preparation and Immunohistochemistry {#ar23517-sec-0005}
-------------------------------------------

Whole mounts were prepared from the orad jejunum starting about 3½ cm after the pyloric sphincter. We have previously shown that the first part of jejunum seems to have the smallest inter‐animal variance in cell densities (Mikkelsen et al., [1988](#ar23517-bib-0024){ref-type="ref"}). The whole mounts were prepared by peeling off the whole muscularis externa from jejunum, which subsequently was cut open along the mesentery. For details see (Mikkelsen et al., [1985](#ar23517-bib-0023){ref-type="ref"}; [1988](#ar23517-bib-0024){ref-type="ref"}). The isolated muscle coat was placed in TBS with Nifedipine (1 µmol L^−1^) for 10 min to ensure relaxation and was then stretched and pinned onto a Sylgard plate. After fixation with 4% paraformaldehyde for 3 hr, the muscle coat was kept in TBS at 4°C until immunostaining the following day, and was divided into about 1½ cm whole mount pieces. To obtain the smallest inter‐animal variance in cell densities (Mikkelsen et al., [1988](#ar23517-bib-0024){ref-type="ref"}), we used the first 3 whole mounts for the stereological analyses; the following whole mounts were used for double staining and for negative controls, respectively. Some of the whole mounts for stereology analyses were of substandard quality (uneven staining, damage to serosa), and were therefore omitted from the stereological quantification. The discarded whole mounts were 7 from the iba1 groups, 4 from the HO‐1 groups, and 8 from the CD169 groups.

All washing solutions contained 0.5% triton‐X 100. The tissue was quenched in 1% H~2~O~2~ for 15 min. Dako Real Antibody Diluent (S2022) was used for preincubation (½ hr) and for diluting all primary and secondary antibodies. Incubations were carried out at 4°C, overnight for primary antibodies, 2 hr for Envision and biotin‐conjugated antibodies, and 1 hr for ABC‐complex at room temperature. The chromogene was 0.5% diaminobenzidine in 0.035% H~2~O~2~. Double‐staining with iba1/CD169 and HO‐1/CD169 were carried out with a mixture of primary rat and rabbit antibodies overnight, followed by secondary anti‐rat antibodies for 2 hr and finally secondary anti‐rabbit antibodies for 2 hr.

In addition, frozen specimens from the distal part of ileum from *op/op* and control mice from a previous study were added (Mikkelsen et al., [1985](#ar23517-bib-0023){ref-type="ref"}).

A Zeiss Axioplan 2 microscope was used for microscopy, and confocal stacks (15--18) were obtained with an LSM 700 through a Plan‐Apochromat 20/0,8 NA objective. A 488‐nm argon laser was used for the excitation of Dylight 488, and a 555‐nm laser was used for the excitation of RH RedX.

Stereological Analysis {#ar23517-sec-0006}
----------------------

The areal densities (the number of cells per surface area of the muscle layer) of CD169^pos^, iba1^pos^, and HO‐1^pos^ cells were estimated in whole mounts from the proximal jejunum using unbiased stereological counting through the full‐thickness of the muscularis externa. For further details see (Alberti et al., [2005](#ar23517-bib-0001){ref-type="ref"}; Mikkelsen et al., [1985](#ar23517-bib-0023){ref-type="ref"}; [1988](#ar23517-bib-0024){ref-type="ref"}). An Olympus BX51 microscope was used for counting the cell populations at a final magnification of ×1022 using an ×20 UPanApo oil immersion objective (NA ¼ 0.8) to which the ×2 objective used for delineation was paracentered.

In the CD169 whole mounts, the mean number of counted cells was 67 in both treatment groups. The cells were counted in 123 fields of view (range: 68--166) in the saline group and in 109 (range: 44--138) in the LPS‐treated group. In the iba1 whole mounts, the mean numbers of counted cells were 60 and 61 in the saline‐ and LPS‐treated group, respectively. This number of cells were counted in 75 fields of view (range: 32--123) and 70 (range: 48--98), respectively. In the HO‐1 whole mounts, the mean numbers of counted cells were 35 and 51 in the saline‐ and LPS‐treated groups and the numbers of fields of view were 62 (range: 29--132) and 60 (range: 14--110).

Statistics {#ar23517-sec-0007}
----------

Group comparisons were carried out with the unpaired t‐test assuming unequal variance. When comparing the densities of the different cell populations within groups (i.e., within the sham group and the LPS group, respectively) we first used an ANOVA test to verify that there were indeed significant differences between the cell populations in both the sham‐group and the LPS group. Subsequently, an unpaired t‐test assuming unequal variances was applied to compare one cell population against another. We chose the unpaired test instead of the paired test since not all animals were represented by all antibody stains. A *P*‐value in the two‐tailed test below 0.05 was considered to be a statistical significant difference between groups.

A semi‐quantitative assessment of fluorescent double‐stains was performed to clarify if CD169 co‐localizes with iba1 and/or HO1. Cells were counted in both combinations of double‐stained whole mounts.

The counting of cells was performed directly at the microscope going from serosa to AP. Cells counted had processes, stained for iba1 or HO‐1 respectively, and showed double‐staining with CD169^pos^ cells, no CD169 staining, or were negative when CD169 stained cells were present in the field of view.

Cells at the deep muscular layer were counted separately, because of the modest number of cells.

RESULTS {#ar23517-sec-0008}
=======

In sham‐treated mice, CD169^pos^ macrophages were present in muscularis externa at three positions. In the serosa (SS), the cells were oblong or ramified with slender processes (Figs. [1](#ar23517-fig-0001){ref-type="fig"}A and [2](#ar23517-fig-0002){ref-type="fig"}A,G). At the level of AP, they were situated between the longitudinal and circular muscle layers, and were stellate‐shaped with thin slender, ramified processes (Figs. [1](#ar23517-fig-0001){ref-type="fig"}B and [2](#ar23517-fig-0002){ref-type="fig"}B,H). At the level of the DMP, between the inner and outer circular muscle layers, CD169^pos^ cells were solitary, oblong, rare, and with very few processes (Fig. [1](#ar23517-fig-0001){ref-type="fig"}C).

![Muscularis externa whole mounts from the orad part of jejunum. Immunostaining of macrophages with antibodies towards CD169 (**A**--**F**), iba1 (**G**--**L**), and HO‐1(**M**--**R**). Sham‐treated mice (A--C, G--I, and M--O). Mice treated with LPS injection (D--F, J--L, and P--R). Cells in serosa (A, D, G, J, M, P), cells at AP (B, E, H, K, N, Q), cells at DMP (C, F, I, L, O, R). Bar: 50 μm.](AR-300-1114-g001){#ar23517-fig-0001}

![Muscularis externa whole mounts from the orad part of jejunum. The confocal micrographs were taken through the thickness of the jejunal muscularis. The images are single confocal images. Double‐staining was performed with antibodies toward CD169 (red) and iba1 (green) (**A**--**F**), and CD169 (red) and HO‐1(green) (**G**--**L**). A, D, G, and J are from the serosa (SS). B, E, H, and K are from the level of AP. C, F, I, and L are from the level of the DMP, very few CD169^pos^ cells were present in this layer. A--C and G--I are from sham‐treated mice. D--F and J--L are from LPS‐treated mice. H‐shaped iba1^pos^ cells can be observed in F. Bar: 50 μm.](AR-300-1114-g002){#ar23517-fig-0002}

Cell densities were quantified on sham‐ and LPS‐treated specimens (Fig. [3](#ar23517-fig-0003){ref-type="fig"}). Only HO‐1 cell density was altered by LPS‐treatment. In sham‐treated mice, the density of HO‐1^pos^ cells was comparable to the density of CD169^pos^ cells, whereas the density of HO‐1^pos^ cells in LPS‐treated animals increased and was comparable to the density of lba1^pos^ cells (Fig. [3](#ar23517-fig-0003){ref-type="fig"}). Moreover, we found in the within‐group comparisons, that in the sham group the density of HO‐1^pos^ cells was statistically significantly different from the density of lba1^pos^ cells, but did not differ significantly from the density of the CD169^pos^ cells. Conversely, in the LPS‐group the density of HO‐1^pos^ cells was statistically significantly different from the density of CD169^pos^ cells, but was comparable to the density of lba‐1^pos^ cells (*P*‐values given in Table [1](#ar23517-tbl-0001){ref-type="table-wrap"}).

![Densities of immunostained macrophages (cells/mm^2^). Open symbols represent the sham‐treated animals and solid symbols represent the LPS‐treated animals. CD169pos cells are shown by circles, iba1pos cells by triangles, and HO‐1^pos^ cells by squares. The horizontal lines indicate the group mean. Three asterisks indicate that the two cell populations are significantly different with a Bonferroni corrected *P*‐value below 0.017. One asterisk indicates a *P*‐value below 0.05.](AR-300-1114-g003){#ar23517-fig-0003}

###### 

*P*‐values for all statistical tests performed in this study

  Sham group versus LPS group using unpaired t‐test            
  --------------------------------------------------- -------- --
  HO‐1‐positive cells                                 0.0041   
  CD169‐positive cells                                Ns       
  lba‐1‐positive cells                                Ns       

  Within group comparisons using ANOVA             
  -------------------------------------- --------- --
  Sham group                             0.00078   
  LPS group                              0.024     

  Within group comparisons using unpaired t‐test                              
  ------------------------------------------------ -------------------------- --------------------------
  HO‐1‐positive cells vs. CD169‐positive cells     0.31 (*N* = 8/*N* = 5)     0.0074 (*N* = 6/*N* = 5)
  HO‐1‐positive cells vs. lba‐1‐positive cells     0.0096 (*N* = 8/*N* = 6)   0.801 (*N* = 6/*N* = 5)
  CD169‐positive cells vs. lba‐1‐positive cells    0.0029 (*N* = 5/*N* = 6)   0.039 (*N* = 5/*N* = 5)

The uppermost part compares the LPS‐ and sham‐treated animals with regard to the three different cell populations. The lower part compares the cell densities of the individual cell populations within the group using an unpaired t‐test.

To try to evaluate in which layer the cells differed, we used doubled‐stained preparations. In serosa, iba1^pos^ cells co‐stained with CD‐169 (Fig. [2](#ar23517-fig-0002){ref-type="fig"}A); at AP CD169^pos^ cells were also iba1^pos^, but there were also iba1^pos^/CD169^neg^ cells (Fig. [2](#ar23517-fig-0002){ref-type="fig"}B and Table [2](#ar23517-tbl-0002){ref-type="table-wrap"}) with the same morphology as both iba1^pos^ and CD169^pos^ cells (Fig. [1](#ar23517-fig-0001){ref-type="fig"}B,H). At the DMP, iba1^pos^ cells were oblong with small cell processes (Fig. [1](#ar23517-fig-0001){ref-type="fig"}I), but they were seldom positive for CD169 (Fig. [2](#ar23517-fig-0002){ref-type="fig"}C and Table [2](#ar23517-tbl-0002){ref-type="table-wrap"}). Hence, iba1 staining showed a population of macrophages at DMP that were seldom recognized with CD169 staining.

###### 

The percentage of the double‐stained cell populations counted using the epifluorescence microscope

  Semi‐quantitative assessment of double‐stained cells                             
  ------------------------------------------------------ ------------------ ------ -----
  SS                                                     CD169pos/iba1pos   100%   97%
  CD169pos/HO‐1pos                                       80%                76%    
  iba1pos/CD169pos                                       100%               93%    
  HO‐1pos/CD169pos                                       94%                84%    
  AP                                                     CD169pos/iba1pos   100%   81%
  CD169pos/HO‐1 pos                                      92%                67%    
  iba1pos/CD169pos                                       56%                67%    
  HO‐1 pos/CD169pos                                      88%                65%    
  DMP                                                    CD169pos/iba1pos   80%    86%
  CD169pos/HO‐1pos                                       64%                82%    
  iba1pos/CD169pos                                       22%                12%    
  HO‐1pos/CD169pos                                       35%                34%    

Cells that stained positive for the stain mentioned before the slash was sampled, and it was recorded how many of those cells that were stained positive for the stain mentioned after the slash.

To verify that these cells belong to the macrophage population, we used frozen sections of muscularis externa from control and *op/op* mice: the latter have previously been shown to lack macrophages (F4/80^pos^ and MHCII^pos^ cells) (Mikkelsen and Thuneberg, [2008](#ar23517-bib-0026){ref-type="ref"}; Mikkelsen et al., [1985](#ar23517-bib-0023){ref-type="ref"}). In control mice, iba1^pos^ cells were observed in serosa, at AP and DMP (Fig. [4](#ar23517-fig-0004){ref-type="fig"}A), but were absent in *op/op* mice (Fig. [4](#ar23517-fig-0004){ref-type="fig"}B).

![iba1‐staining in the muscularis externa in ileal frozen sections from control and *op/op* mice. **A**: iba1 positive cells in control mice were present in the serosa (arrow), at the level of AP, between the longitudinal (LM), and circular muscle layer (CM; arrow head). **B**: In *op/op* mice, iba1‐immunoreactivity was absent in muscularis externa. Bar 50 μm.](AR-300-1114-g004){#ar23517-fig-0004}

In serosa and at AP, HO‐1^pos^ cells appeared to have the same morphology as iba1^pos^ cells (Fig. [1](#ar23517-fig-0001){ref-type="fig"}M,N) and most CD169^pos^ cells harbored HO‐1(Fig. [2](#ar23517-fig-0002){ref-type="fig"}G,H). At DMP, HO‐1^pos^ oblong cells were rare (Fig. [1](#ar23517-fig-0001){ref-type="fig"}O) and about a third co‐stained with CD169 (Fig. [2](#ar23517-fig-0002){ref-type="fig"}I and Table [2](#ar23517-tbl-0002){ref-type="table-wrap"}).

LPS‐treatment resulted in HO‐1^pos^/CD169^pos^, HO‐1^pos^/CD169^neg^, and HO‐1^neg^/CD169^pos^ cells in serosa and at AP (Fig. [2](#ar23517-fig-0002){ref-type="fig"}J,K). In LPS‐treated animals an up‐regulation of HO‐1 staining took place in cells in serosa and AP resulting in an increase in HO‐1^pos^/CD169^neg^ cells. No change was apparent at the DMP.

DISCUSSION {#ar23517-sec-0009}
==========

In sham‐treated animals iba1^pos^ cells had a significantly higher density than CD169^pos^ and HO‐1^pos^ cells. The densities of iba1^pos^ and CD169^pos^ cells were unaffected by LPS‐treatment. At DMP, neither iba1^pos^ nor HO‐1^pos^ cells showed any significant co‐staining with CD169, in either sham‐ or in LPS‐treated animals. In addition, both HO‐1^pos^ and CD169^pos^ cells were rare at DMP.

Traditionally, macrophages in mouse small intestine muscularis externa have immunophenotypically been considered to consist of an almost homogenous population (Mikkelsen et al., [2004](#ar23517-bib-0025){ref-type="ref"}; [1999](#ar23517-bib-0021){ref-type="ref"}; [1988](#ar23517-bib-0024){ref-type="ref"}), in general, F4/80 is considered to be a pan macrophage marker, although we previously have found that the density of F4/80^pos^ cells is lower than the density of CD169^pos^ and MHCII^pos^ cells in C57Bl/6 mice (Mikkelsen et al., [1985](#ar23517-bib-0023){ref-type="ref"}). This indicates the need to clarify the existence of subgroups of macrophages that may have different roles in physiology and/or pathophysiology. iba1 has mainly been used to stain microglia (resident macrophages in the brain) (Imai et al., [1996](#ar23517-bib-0009){ref-type="ref"}). Outside the CNS AIF1 (allograft inflammatory factor1), which is identical to iba1 with regard to gene and protein, stains most macrophage sub‐populations (except alveolar macrophages), and is expressed by all ordinary macrophages (Kohler, [2007](#ar23517-bib-0015){ref-type="ref"}). In small and large intestines, AIF stains macrophages in the lamina propria and between the muscle layers. In lymphoid and hemopoietic tissues, iba1/AIF1 stains more macrophages than the macrophage marker F4/80, for example, marginal zone macrophages in the spleen. In contrast to F4/80, it does not stain monocytes and has been suggested to be a "pan‐macrophage marker" (Kohler, [2007](#ar23517-bib-0015){ref-type="ref"}; DeFalco et al., [2015](#ar23517-bib-0007){ref-type="ref"}).

To determine if the iba1^pos^ cells in muscularis externa of the small intestine are indeed macrophages and not other ramified cells (for example ICC or fibroblasts), we used osteopetrotic (*op/op*) mice. They lack M‐CSF‐1 and therefore lack subgroups of macrophages, especially those located in the tunica muscularis of the small intestine (Mikkelsen and Thuneberg, [2008](#ar23517-bib-0026){ref-type="ref"}). In ileal frozen sections from *op/op* mice, no iba1‐immunoreactivity was found in muscularis externa. This is in accord with the observation that brain iba1^pos^ cells are M‐CSF‐1‐dependent (Imai and Kohsaka, [2002](#ar23517-bib-0010){ref-type="ref"}), and microglia are reduced in *op/op* mice (Wegiel et al.,[1998](#ar23517-bib-0042){ref-type="ref"}; Kondo and Duncan, [2009](#ar23517-bib-0016){ref-type="ref"}). iba1 has been reported to have actin‐crosslinking activities and to be functionally involved in certain aspects of motility‐associated rearrangements of the actin cytoskeleton, such as in membrane ruffling, and in the building of phagocytic cups.

Little is known about the macrophage/microglia‐specific components that regulate the reorganization of actin filaments. However, in mouse microglia, LPS‐exposure resulted in swelling of the cell body, a thickening of the proximal processes, and a reduction in number of distal ramifications (Kloss et al., [2001](#ar23517-bib-0014){ref-type="ref"}). In a pilot study on sham‐ and LPS‐treated mice, we did not find any indications of changes in the morphology of iba1^pos^ cells (number of ramifications and thickening of the processes) with the same dose of LPS.

HO‐1 is an inducible enzyme (Wang and Chau, [2010](#ar23517-bib-0040){ref-type="ref"}). It has been reported that HO‐1 may be protective towards inducible nitric oxide synthase (Ashino et al., [2008](#ar23517-bib-0002){ref-type="ref"}). The presence of HO‐1 in murine small intestine muscularis macrophages in control material has not been demonstrated previously (Miller et al., [1998](#ar23517-bib-0028){ref-type="ref"}; Moore et al., [2003](#ar23517-bib-0029){ref-type="ref"}). However, in this study we observed that HO‐1 is expressed in CD169^pos^ cells in sham‐treated mice. This difference could be due to differences in antibodies and fixation techniques.

When we stained frozen sections from germ‐free mice with HO‐1 antibodies, the immunoreactivity was very low in mouse muscularis externa, and was only detectable in ganglion cells in AP and to a very limited degree in cells in serosa and at DMP (unpublished observations). We have also previously observed in embryonic and germ‐free mice, without any microbiota, that the muscularis macrophages are MHCII^neg^, in contrast to conventional adult mice, which are constitutively MHCII^pos^ (Mikkelsen et al., [1999](#ar23517-bib-0021){ref-type="ref"}). This up‐regulation might be due to normal microbiota. Hence, the HO‐1 positivity of CD169^pos^ macrophages may be induced by normal gut microbiota in sham‐treated mice.

HO‐1 is associated with alternative macrophage activation (M2) and recently it has been shown that muscularis macrophages express wound healing and tissue protective genes (M2), whereas lamina propria macrophages express pro‐inflammatory genes (M1) (Gabanyi et al., [2016](#ar23517-bib-0008){ref-type="ref"}).

Also intragastric inoculation with nonpathogenic or noninvasive bacteria strains resulted in a further local up‐regulation in M2 genes in muscularis externa macrophages, but changes in gene expressions were few in lamina propria macrophages (Gabanyi et al., [2016](#ar23517-bib-0008){ref-type="ref"}).

In this study, after sham‐treatment, confocal microscopy and conventional fluorescence microscopy demonstrated that many iba1^pos^ and HO‐1^pos^ cells were also positive for CD169 in serosa and at AP, whereas at DMP CD169^pos^ cells seemed to be rare. A few oblong CD169^neg^/HO‐1^pos^ cells were present and both oblong and H‐shaped CD169^neg^/iba1^pos^ cells were observed in this layer. After LPS‐treatment more CD169^neg^/HO‐1^pos^ cells were present in serosa and at AP, which suggests an HO‐1 up‐regulation in the Iba1^pos^/CD169^neg^ cell population. Furthermore, at DMP, HO‐1^pos^/CD169^neg^ cells as well as iba1^pos^/CD169^neg^ cells were observed, but the proportion of iba1^pos^/CD169^neg^ and HO‐1^pos^/CD169^neg^ cells was unaltered compared to sham‐treated mice. We have been unsuccessful interpreting specimens that are double‐stained with two antibodies derived from the same species (rabbits); therefore, we did not attempt double‐staining with iba1 and HO‐1.

In the CNS of CX3CR1‐GFP mice, brain cells express the microglial marker iba1 and overlap precisely with the GFP^pos^ population (Cardona et al., [2006](#ar23517-bib-0004){ref-type="ref"}). Since the ligand CXCL1 is localized on neurons, several hypotheses on interactions between microglia and nerves have been proposed (see review; Limatola and Ransohoff, [2014](#ar23517-bib-0017){ref-type="ref"}).

Intestinal macrophages, in both lamina propria and in muscularis externa, are characterized by very high levels of the chemokine receptor CX3CR1 (Zigmond and Jung, [2013](#ar23517-bib-0047){ref-type="ref"}). In a recent study, cross sections (colonic muscularis externa) from CX3CR1‐GFP^pos/neg^ mice, revealed a strong fluorescence in cells in the muscularis externa at AP (Muller et al., [2014](#ar23517-bib-0031){ref-type="ref"}). It is not clear if CX3CR1 is also present on macrophages in the serosa.

Neuro‐immune interactions in muscularis externa have been proposed (Matteoli et al., [2014](#ar23517-bib-0018){ref-type="ref"}; Gabanyi et al., [2016](#ar23517-bib-0008){ref-type="ref"}). Extrinsic sympathetic nerves have been shown to be situated close to muscularis macrophages, which---when using gene expression profiling and qPCR---show high levels of Adrb2 (encoding β2 adrenergic receptors), but it is uncertain whether this is the case for all muscularis macrophages.

The cholinergic anti‐inflammatory pathway, which is associated with modulation of inflammation has been associated with muscularis macrophages, which express α7 nicotinic acetylcholine receptor (α7nAChR). The vagus nerve interacts with cholinergic nerves located near muscularis macrophages, but does not innervate them (Matteoli et al., [2014](#ar23517-bib-0018){ref-type="ref"}).

Ultrastructural studies of normal mouse muscularis externa showed that direct intimate contacts between macrophages and neurons/ganglion cells at AP and at DMP are absent (Thuneberg, [1982](#ar23517-bib-0038){ref-type="ref"}; Mikkelsen et al., [2011](#ar23517-bib-0027){ref-type="ref"}). Hence, communication between nerves and macrophages may be indirect, potentially via ICC that are close to macrophages and are heavily innervated by neurons at AP and DMP.

In diabetic gastroparesis, the close spatial contact between macrophages and ICC and up‐regulation of HO‐1 in M2 macrophages, seems to protect against the loss of ICC and nNOS in enteric nerves and to protect against gastroparesis (Choi et al., [2010](#ar23517-bib-0005){ref-type="ref"}).

With regard to function, it has been suggested recently that muscularis macrophages communicate with enteric nerves, and may be involved in the regulation of motility (Muller et al., [2014](#ar23517-bib-0031){ref-type="ref"}), although no direct measurements of peristalsis were carried out. Hence, a direct role in the genesis of this motor pattern has yet to be confirmed.

In conclusion, different macrophage immunophenotypes seem to exist in the muscularis externa, specifically iba1^pos^CD169^neg^ and iba1^pos^ CD169^pos^ cells. At the DMP macrophages, which are iba1^pos^ seem rarely to costain with CD169.

Importantly, many CD169^pos^ macrophages in sham‐treated mice express HO‐1, suggesting a M2 phenotype. LPS administration up‐regulates HO‐1 in the macrophages at AP and in serosa.
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